Abstract. Green synthesis of gold nanoparticles (AuNPs) had been developed as an alternative to chemical and physical methods due to its simplicity, cost effectiveness and eco-friendliness. The high biocompatibility and biostability features of AuNPs have found importance in biomedical applications in recent years. In this study, aqueous ethanol extract of Curcuma mangga rhizomes which acts as reducing and stabilizing agent was used to synthesize stable AuNPs by bioreduction of chloroauric acid. The formation of AuNPs was highlighted by the color change of the suspension from light yellow to reddish purple. Time-evolution was monitored by UV-visible spectroscopy, while surface plasmon (SP) absorption band of the AuNPs suspension was observed at a maximum absorption of 540 nm. Hydrodynamic radii and size distribution of the AuNPs in the suspension were evaluated using dynamic light scattering (DLS) and zeta potential measurement demonstrated negative surface charge. The particle size was calculated in the range of 2-30 nm using High Resolution Transmission Electron Microscopy (HRTEM). The morphology and elemental composition were further determined by Field Effect Scanning Electron Microscopy (FESEM) and Energy Dispersive X-ray (EDX) spectroscopy. Fourier transform infrared (FTIR) spectroscopy meanwhile was used to confirm the presence of AuNPs and functional groups involved in the gold bio-reduction process. Influence of the volume of extract and concentration of gold (III) chloride trihydrate (HAuCl 4 .3H 2 O) on the synthesis of AuNPs were also investigated. The results obtained indicate potential optimization and functionalization of AuNPs for future applications in bionanotechnology especially in the field of medicine.
Green Synthesis of Gold Nanoparticles using Aqueous Ethanol Extract of Curcuma mangga Rhizomes as Reducing Agent INTRODUCTION
Nanotechnology had been exponentially utilized in various fields ranging from electronic to medicine. According to IUPAC recommendations 2012, nanoparticles (NPs) are structures of any shapes with dimensions ranging from 1 to 100 nm. NPs also include tubes and fibers that have only 2 dimensions below 100 nm. In certain occasion, NPs with dimensions up to 500 nm can be accepted [1] . NPs can be organic or inorganic, and may or may not be biodegradable. Also, NPs have different characteristics compared to the bulk materials of the same composition, which results from the effect of size, surface phenomena and magnetic and electronic properties [2] .
Gold nanoparticles (AuNPs) are the most stable metal nanoparticles with unique properties such as size-related electronic, magnetic and optical properties, biocompatibility and non-toxicity. Thus, AuNPs have potential applications in various field such as electronic, catalysis and clinical applications [3] . In biomedical applications, AuNPs bring advances in early detection and treatment of cancer. AuNPs was found to enhance computed tomography (CT) imaging, Raman imaging and photoacoustic imaging (PAI). On the other hand, AuNPs can be targeted to tumor site more effectively due to its small size [4] .
Biological and green syntheses of AuNPs have been proposed over physical and chemical syntheses mainly, due to its low production-cost, environmental friendly and non-toxicity [5] . In this context, biological resources such as fungi, bacteria, algae, plant and fruits extracts have been used to synthesize metallic nanoparticles [6] [7] [8] .
C. mangga is traditionally used in treatment for fever, stomach aches and cancer [9] . It had been reported for anticancer, antioxidant and antimicrobial properties [9] [10] [11] . The methanol extract of C. mangga rhizomes exhibited cytotoxic activity against a few human cancer cells lines, which are hormone-dependent breast cancer (MCF 7), nasopharyngeal epidermoid, lung, cervical (Ca Ski) and colon cell line (HCT116 and HT-29) [9] . There is no report on the synthesis of AuNPs using C. mangga. Herein, we report the synthesis of AuNPs using Curcuma mangga aqueous ethanol extract through an environmental-friendly method.
MATERIALS AND METHODS

Materials
Gold (III) chloride trihydrate (HAuCl 4 . 3H 2 O) was purchased from Sigma Aldrich. The rhizomes of Curcuma mangga were obtained from Yogjakarta, Indonesia. 100.0 g of powdered C. mangga rhizome were soaked in approximately 300.0 ml of 50% aqueous ethanol for 3 days at room temperature. The solvent containing extract were filtered and evaporated under reduced pressure using a rotary evaporator to give a crude aqueous ethanol extract. A stock solution of 10.0 mg/ml of the C. mangga aqueous ethanol (CMEW) extract was prepared by dissolving 0.5 g of the extract in 50.0 ml of 50% aqueous ethanol.
Synthesis of Gold Nanoparticles
Gold nanoparticles were synthesized by reducing 1mM aqueous HAuCl 4 solution with CMEW extract and allowed to incubate at room temperature. The color change of the reaction mixture from light yellow to purple solution which occurred within 15 minutes indicated the formation of AuNPs. The bioreduction of Au 3+ was monitored by periodically sampling the aliquots hourly by measuring its UV-Visible spectrum. The reaction mixture was left to incubate overnight at room temperature. UV-Visible spectral analyses were obtained by BioTek Synergy H1 hybrid reader at a resolution of 10.0 nm between 300 and 800 nm. Two sets of the reaction conditions were carried out, one by varying the extract volume and the other by changing the concentration of the aqueous HAuCl 4 solution. The compositions of the reaction mixture are summarized in Tables 1 and 2 . 
Characterization of AuNP
The hydrodynamic radii and zeta potential of the AuNPs were measured by Malvern Zetasizer Nano ZS. Size and shape of the AuNPs were determined by high-resolution transmission electron microscopy (HRTEM) with an accelerating voltage of 120 kV. 10.0 ul of the AuNP solution was placed on carbon coated copper grid and the excess solution was removed by filter paper after 3 minutes. The copper grid was dried further in oven before viewing under JEM-7600F High Resolution Transmission Electron Microscope (HRTEM). The surface morphology
060008-2
This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to IP: of the AuNPs was studied using JEOL JSM-7600 Field Effect Scanning Electron Microscope (FESEM). Fourier Transform Infra-Red (FTIR) (Perkin Elmer Frontier) meanwhile was utilized to evaluate interacting functional groups.
RESULT AND DISCUSSION
UV-Visible Spectroscopy
The formation and stability of gold nanoparticles can be ascertained by UV-Visible spectroscopy. The change of the color of the reaction mixture from light yellow to intense purple indicated the formation of AuNPs which is attributed by the Surface Plasmon Resonance (SPR). SPR results from the coherent oscillation of free conduction electrons induced by an interacting electromagnetic field [12] . The UV-Visible spectra of gold nanoparticles with a function of time are shown in Figure 1 , indicating maximum absorption in visible region at 540-550 nm. The intensity of the SPR band increases with incubation time, which demonstrated the formation of higher number of AuNPs. This can also be observed by the color change of the reaction mixture, where the purple color of the mixture becomes more intense as the reaction progressed. 
The Effect of Volume of CMEW on the Synthesis of AuNPs
Absorption spectra of the AuNPs formed by varying the volumes of CMEW extracts are shown in Figure 2 . The rate of reaction increases when increasing the volume of the CMEW extract, which also can be demonstrated by the increase in the intensity of the SPR band. The absorption maxima blue-shifted to a shorter wavelength as the volume of the CMEW extract increases, indicating the formation of more spherical and smaller particles [13] . 
The Effect of Concentration of Gold Ions on the Synthesis of AuNPs
It was found that the intensity of the SPR band increased with increase in the concentration of the gold ions. The maximum absorption was red-shifted towards longer wavelength (Figure 3) as the concentration of the gold ions increases, which may be due to the increase in the particles size [14] . 
High Resolution Transmission Electron Microscopy (HRTEM)
The size and morphology of the AuNPs were examined using HRTEM. Typical TEM images for G1 are shown in Figure 4(a and b) . Most of the gold nanoparticles formed are almost spherical, with the presence of some triangular and elongated particles. The sizes measured diameters ranged from 2.0 to 30.0 nm as shown in the figure.
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Particles Size and Zeta Potential Determination by Dynamic Light Scattering (DLS)
The secondary particle size which is the hydrodynamic radii of the AuNPs coated with phytochemicals from the C. mangga aqueous ethanol extract, can be determined by Dynamic Light Scattering (DLS) technique [15] [16] . The particles size obtained was more polydispersed with large fraction of particles around 73.0 nm, small fraction of small particles around 3.0 nm and some larger particles around 1.0 um. Particles sizes obtained using DLS was larger and more polydispersed compared to TEM due to the fact that size measurement will also include the phytochemicals enveloping the AuNPs core. Besides, forces of interaction between particles in the solution for example, van der Waals forces may contribute to larger size determination. Different sample preparations used for the microscopic imaging and for the DLS technique may also contribute to the variation in size determination [16] .
Zeta potential is an important parameter in the determination of stability and dispersion of NPs. It reveals the information regarding surface charge and repulsive forces present between particles [17] . In this work, the zeta potential measured for C1, C2, C3, C4 and C5 are -12, -19.4, -24, -24.5 and -32.2 respectively. This demonstrates that the AuNPs synthesized from CMEW extracts have negative surface charges. Values of zeta potentials of the AuNPs increased from C1 to C5, where AuNPs C1 is AuNPs synthesized from the lowest concentration of CMEW extract whilst C5 is synthesized from the highest. The highest zeta potential measured for C5 indicates the most stable AuNP suspension among all others. Thus, the CMEW extract acts to stabilize the AuNPs besides being the reducing agent.
Field Effect Scanning Electron Microscopy (FESEM) and Energy-Dispersive X-ray Spectroscopy (EDX)
Further characterization on the size and morphology of the AuNPs were carried out using FESEM. Observations show that the AuNPs synthesized were spherical in shape with diameters of 6.0 to 15.0 nm. This can be seen from Figure 5 (b), which supports the TEM image analysis. The distribution of the AuNPs was also observed to be uniform. Elemental analysis using EDX meanwhile confirmed the presence of AuNPs in the samples (Figure 6(b) ). 
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Fourier Transform Infrared Spectroscopy (FTIR)
FTIR spectroscopy was carried out to determine the possible functional group involved in the reduction and stabilization of AuNPs. 
CONCLUSIONS
We demonstrated the successful green synthesis of gold nanoparticles from gold ionic salts using Curcuma mangga aqueous ethanol extract as reducing and stabilizing agent. The SPR band has the maximum absorption at 540 nm while the sizes of the AuNPs determined by TEM were observed to be in the range from 2.0 to 30.0 nm in diameter. The high zeta potential values with the highest at -32.2 obtained for the metallic NPs synthesized in this work indicate that the AuNPs suspension was stable. FTIR analysis demonstrates that hydroxyl group and carbonyl groups in CMEW are responsible for the formation and stabilization of AuNPs.
The results show that the green synthesis of reduced AuNPs using C. mangga may have great potential especially in the field of biomedical technology. The novel properties of gold nanoparticles of being small, nontoxic, strong light absorption and heat mediation will have vast applications in nanomedicine, such as in cancer diagnosis and treatment.
